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Alkaline Phosphatase-positive Langerhans Cells in the Epidermis of 
Cattle 
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Dendritic alkaline phosphatase-positive cells in the 
epidermis of cattle were studied. By light microscopy 
they were shown to occur in basal and suprabasal posi-
tions in the epidermis, with their dendrites reaching into 
outer layers of the stratum spinosum. They were also 
found in the external root sheaths of hair follicles. In 
separated epidermal sheets from ears of cattle these cells 
were found to be uniformly distributed with an average 
concentration of approximately 1,600 cells/mm2. 
Langerhans cells were identified in the epidermis by 
the presence in dendritic cells of Langerhans cell gran-
ules, a lobated nucleus and clear cytoplasm and the 
absence of desmosomes, tonofilaments, premelano-
somes, and melanosomes. Alkaline phosphatase activity 
was associated with the plasmalemma of such cells and 
occasionally with cytoplasmic inclusions which may 
have been Langerhans cell granules. Enzyme activity 
was not associated with melanocytes or keratinocytes. 
It is confirmed that alkaline phosphatase activity is a 
feature of Langerhans cells, and possibly "indetermi-
nate" cells in the normal epidermis of cattle. 
Langerhans cells in the epidermis of guinea pigs and primates 
may be identified by light microscopy as dendritic cells which 
possess formalin-resistant, sulfhydryl-dependent adenosine tri-
phosphatase activity [1]. 
Amelanotic dendritic cells shown by light microscopy to 
possess alkaline phosphatase, but no adenosine triphosphatase 
activity, have been described in the epid ermis of cattle by 
Schleger and Bean [2]. These authors suggested that such cells 
were Langerhans cells. 
The purpose of the present study was to examine alkaline 
phosphatase positive cells in the epidermis of cattle by light-
and electron-microscopy and to investigate if this enzyme activ-
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ity is a characteristic which may reliably be used to identify 
epidermal Langerhans cells of cattle. 
MATERIALS AND METHODS 
Skin biopsies were obtained from 14 normal cattle. Punch biopsies, 
7 mm in diameter were obtained from the ears of Holstein, Brown 
Swiss, Aberdeen Angus, and Hereford animals aged between 9 mo and 
5 yr. 
For studies using light microscopy, skin samples wer~ frozen at. 
-20°C and serial sections (20 /Lm) were cut using a cryostat and then 
air d.ried for 30 min on coverslips. 
Epidermal sheets obtained from other skin samples were separated 
from the underlying dermis. Separations were obtained using EDTA-
treatment as described by JuhLin and Shelley [3). Pieces of skin were 
immersed in EDT A solution for 2 hr at 37°C and epidermal sheets were 
then separated from the underlying dermis using fine forceps. 
Both the epidermal sheets and serial sections were processed to 
demonstrate alkaline phosphatase activity using a modification of the 
Gomori-Takamatsu procedure' [4). Tissues were incubated for 1-2 hr at 
37°C in the following substrate medium: 2% barbitone sodium (10 mI) , 
3% s?dium /1-glycerophosphai'e (lO' mI), 2% 'calcium chloride (20ml), 
5% niagnesium sulfate (1 ITI.l) , distilled ' water (5 mI). The pH of tlus 
medium was 9.4. After incubation, tissues were rinsed in distilled water 
for 5 min, then immersed in 2% cobalt nitrate for 10 min. Following this 
they were rinsed in distilled water, immersed in 0.5% ammonium sulfide 
solution, washed in distilled water and mounted in Berlese's medium. 
Counts of dendritic alkaline phosphatase-positive cells were per-
formed on epidermal sheet preparations. Five oil-immersion fields were 
examined from each preparation and the numbers of cells per mm2 was 
calculated, having measured the field diameter with a stage micrometer. 
For ultrastructural studies, pieces of skin approximately 2 mm" were 
placed in 6% glutaraldehyde buffered with 0.067 M s-collidine (pH 7.2) 
and fixed overnight at 4°C. They were postfixed in 2% OsO. in bicar-
bonate buffer (pH 7.3) for 1 hr at 4°C and then dehydrated in ethanol 
and embedded in Arald.ite/ Epon. 
To demonstrate alkaline phosphatase activity in ultrastructural stud-
ies, pieces of skin approximately 1 mm" were fixed in 4% glutaraldehyde 
in 0.1 M cacodylate buffer (pH 7.2) for 2 hr at 4°C. Tissues were washed 
in 2 changes of cacodylate buffer for 1 hr at 4°C. Thick frozen sections 
(40 J.Lffi) were cut and then incubated in Hugon and Borgers' medium 
[5J with sucrose added to give a final concentration of 7.5%, at pH 9.2-
9.4 for 60 min at room temperature. In control tests, samples were 
incubated in media lacking substrate. All samples were postfixed in 1% 
OSO" in cacodylate buffer for 30 min at 4°C and dehydrated in ethanol 
before embedding in Araldite/Epon. Ultrathin sections were cui on the 
LKB Ultratome III and sections either unstained or stained with uranyl 
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acetate and lead citrate [6] were examined with a Hitachi 12 electron 
microscope. Positive controls for this method were run using mouse 
kidney tissue in which positive alkaline phosphatase activity was dem-
onstrated in brush borders of the proximal convoluted tubules . 
... 
0-1 
FIG 1. Light micrographs of alkaline phosphatase-positive dendritic 
cells in epidermis of cattle. A, Alkaline phosphatase-positive cells in 
separated epidermal sheet (arrow). Dendrites reach between keratin-
ocytes. B, Transverse section of epidermis. Arrows indicate dendrites 
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RESULTS 
Light microscopic studies revealed dendritic alkaline phos-
phatase-positive cells in epidermal sheets (Fig 1, A). These cells 
reaching into outer layers of stratum spinosum. Hair shaft is seen top 
right. C, Enzyme-positive cells in external root she!lth of hair folide (A, 
B, ex 235). 
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were evenly distributed in the sheets and an average of approx-
imately 1,600 cells/ mm2 were found (range 1279-1769 cells/ 
mm2 ). 
In transverse sections of skin, dendritic, alkaline phosphatase-
positive cells were found in basal and suprabasal layers of the 
epidermis (Fig 1, B). Some dendrites of these cells extended 
into more exterior parts of the stratum spinosum (Fig 1, B). 
Such cells were also found in the external root sheaths of hair 
follicles (Fig 1, C). 
From ultrastructural studies, Langerhans cells were found in 
the epidermis in basal and supra basal positions. These dendritic 
cells contained characteristic Langerhans cell granules, a lo-
bated nucleus and clear cytoplasm and lacked desmosomes, 
tonofuaments, premelanosomes, and melanosomes. Fig 2 shows 
a Langerhans cell in the basal layer. Rod-like profiles of the 
Langerhans cell granules contained characteristic mid-line lin-
ear densities (Fig 2A). Such granules were not very numerous, 
but occurred usually in small clusters. Racket-shaped profiles 
of Langerhans cell granules were relatively rarely encountered. 
Melanocytes were also identified in the epidermis. These 
were dendritic cells containing premelanosomes and melano-
somes. 
Alkaline phosphatase activity was demonstrable in these 
ultrastructural studies in close association with the plasma-
lemma of Langerhans cells. Reaction products of the enzyme 
are shown in this site in Fig 3A and a Langerhans cell granule 
is evident within the cell. Enzyme activity was also occasionally 
seen associated with organelles within the cytoplasm of these 
cells. One such organelle is shown in Fig 3B. Fig 4 shows enzyme 
reaction products associated with an organelle resembling a 
racket-shaped Langerhans cell granule. 
Langerhans cell granules were not demonstrated in every cell 
which showed enzyme activity, but all positive cells were den-
dritic, possessed lobated nuclei and clear cytoplasm and lacked 
melanosomes and premelanosomes, desmosomes, and tonofila-
ments. Melanocytes showed no alkaline phosphatase activity. 
DISCUSSION 
Results from skin sections examined by light microscopy 
conflIm the observations made by Schleger and Bean [2] that 
amelanotic al.kaline phosphatase-positive cells occur in the ep-
idermis of cattle. Dendritic alkaline phosphatase-positive cells 
were readily demonstrable in the epidermis at basal and supra-
basal levels and in the external root sheaths of hair follicles. 
The demonstration of such cells in separated epidermal sheets 
allowed counts of cells per unit area to be made, for comparison 
with those reported for other species. The number of cells per 
unit area was higher than that recorded for Langerhans cells in 
epidermal sheets of guinea pigs and man, being approximately 
50% higher than that found in guinea pigs and approximately 
twice that found in man [1]. 
Although Gerneke [7] has identified Langerhans cells, con-
taining characteristic granules, in the epithelium of the fore-
stomach of cattle, the present study appears to provide the first 
defmite demonstration of Langerhans cells in bovine epidermis. 
Langerhans cells were positively identified in the epidermis of 
cattle using the ultrastructural criteria established by Birbeck, 
Breathnach, and Everall [8]. Relatively few Langerhans cell 
granules were demonstrable in these cells in comparison to the 
numbers found in human Langerhans cells. This observation 
has also been made in studies of these cells in guinea pigs and 
mice [9] and in sheep [10]. 
Alkaline phosphatase activity was associated with these cells, 
and not with melanocytes or keratinocytes. Langerhans cell 
granules were not demonstrated in every cell showing enzyme 
activity, but all other ultrastructural criteria of Langerhans 
cells were consistently shown by these enzyme-positive cells. 
The inability to demonstrate Langerhans cell granules in every 
such cell might be explained by the lack of a complete set of 
serial sections of each cell or by the possibility that such cells 
represented "indeterminate cells" [11] which lack these gran-
ules but are thought, on the basis of their possessing Fc-IgG 
receptors and Ia antigens on their membranes in other species, 
to be of the same lineage as Langerhans cells [9]. 
The location of enzyme reaction products in the plasma-
lemma of these cells is very similar to that shown by Wolff [1] 
for nucleoside-triphosphatase reaction products in the Langer-
hans cell of guinea pigs. The identity of alkaline phosphatase-
positive cytoplasmic inclusions in the Langerhans cells of cattle 
is uncertain, but it is possible that they may be Langerhans cell 
granules. If this were so, it would be the [lIst observation of 
enzymatic activity associated with these granules. 
Alkaline phosphatase activity has also been reported to be 
associated with Langerhans cells in the skin of certain primates 
[12,13] and of guinea pigs [14]. The only other report of enzyme 
activity specifically associated with Langerhans cells in the 
epidermis of ruminants is by Hollis and Lyne [10] who dem-
onstrated acetylcholinesterase activity in these cells in the 
epidermis and wool follicles of sheep. Alkaline phosphatase 
activity of these cells was not investigated. 
The present study was done in connection with an investi-
gation of the role of Langerhans cells in host resistance to ticks. 
Such resistance, in guinea pigs and cattle, is associated with 
FIG 2. E lectron micrograph of basal Langerhans cell (x 8,500). A, Langerhans cell granules (x 110,000). 
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FIG 3. Electron micrograph of Langerhans cell showing reaction products of alkaline phosphatase (x 22,000). A, Reaction products associated 
with plasmalemma (arrows) (x 120,000). B, Langerhans cell granule (single arrow) and enzyme reaction products associated with a cytoplasmic 
inclusion (double arrows) (x 38,500). 
FIG 4. Electron micrograph of Langerhans cell showing alkaline 
phosphatase reaction products associated with plasmalemma (double 
arrows) and with a cytoplssmic inclusion resembling a racket-shaped 
Langerhans cell granule (single arrow) (x 50,000). 
cutaneous hypersensitivity reactions to tick salivary antigens 
[15]. Langerhans cells in the epiderinis of tick-infested guinea 
pigs appear to trap tick salivary antigens [16] and a very marked 
reduction of dendritic alkaline phosphatase-positive cells has 
been noted in the epidermis of tick-infested cattle by Schleger 
and Bean [17]. The present study confirms that alkaline phos-
phatase-activity is characteristic of Langerhans cells, and pos-
sibly "indetenninate" dendritic cells in the normal epidermis of 
cattle. This information will provide a basis for further studies 
of the roles of these cells in tick resistance of cattle. 
The authors are grateful for the help and advice provided by Drs. 
D.H. Leach and F. Hrudka, Department of Veterinary Anatomy, Uni-
versity of Saskatchewan, in connection with this work. 
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Eight Year Persistence of Individual Differences in the Bacterial Flora of 
the Forehead 
CHARLES A. EVANS, M .D., PH.D., AND MARK S. STROM, M.s. 
Department of Microbiology and Immunology, University of Washington, Seattle, Washington, U.S.A. 
Eight subjects having a rich (2:100,000 per cm2 ) popu-
lation of Propionibacterium acnes on the forehead and 7 
with a sparse population (:;5;15,000 per cm2) in earlier 
tests were reexamined after a median interval of 8 yr. 
All of those with an initial rich population had 2:100,000 
per cm2 on retest. Of the 7 with an initial sparse popu-
lation, 4 again had fewer than 15,000, one had more than 
100,000 per cm2 and 2 were intermediate. 
Three subjects harbored Peptococcus saccharolyticus 
in the initial test (26,000 to 75,000 per cm2) and all 3 
carried this organism on the later test (5,000 to 49,000 
per cm2). Of the 12 without P. saccharolyticus initially, 
11 were again negative and 'one had a small number (200 
per cm2). 
We conclude that the presence or absence of P. sac-
charolyticus and the relative population density of P. 
acnes were individual characteristics that persisted in 
most subjects for at least 8 yr. 
To understand the ecology of the skin it is useful to know 
how the flora of a given site changes in numbers and kinds of 
organisms with time and to what extent these variations are 
limited by stable individual differences. We have studied this 
question on selected body sites including the forehead which 
has a relatively rich population of bacteria, is constantly ex-
posed to external contamination, yet maintains a relatively 
stable state without the fluctuations in moisture characteristic 
of sites such as the axilla . . 
In previous publications we described persistent individual 
.differences in population density of Propionibacterium acnes 
[1] and Peptococcus saccharolyticus [2] over periods up to 17 
mo. In this paper we extend the studies to 8 yr. 
MATERIALS AND METHODS 
Subjects were chosen for this study on the basis of 2 criteria: (1) 
having either a relatively rich (~100,000' ) or a relatively sparse 
(:;5;15,000) population of P . acnes on the forehead in an em'lier test, and 
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• All numbers of bacteria refer to colony forming units per cm2 of 
skin. 
(2) availability after as long as possible from the initial test. The median 
number of years between the initial and final tests was 8.0 for subjects 
with a relatively rich population of P. acnes and 8.25 for those with a 
relatively sparse population. Most had been tested many times in the 
intervening years. Thirteen were of European descent, 1 of Mexican 
origin, and 1 was Japanese-American. All were students, faculty or 
employees of the University of Washington. 
As far as possible the experimental conditions were the same as 
those in our previously published survey [1]. Subjects used Ivory soap 
and Johnson's Baby Shampoo 7 days prior to the test. Specimens were 
collected by the wet swab method using a pressure of about 20 gm to 
stroke an area 4.5 cm in diameter in a standard pattern in the center of 
the forehead using a .commercial cotton swab ("Swubes," Falcon) 
moistened in 2 mI of 0.075 M phosphate buffer with 0.1% Triton X-100, 
pH 7.9 (full strength diluent) [3]. The swab was then vigorously agitated 
in the original tube for 60 sec to disperse bacteria. Serial 10-fold 
dilutions in half strength diluent were cultured in quadruplicate, 2 for 
aerobic and 2 for anaerobic incubation (Gas Pak, BBL) on OU1' standard 
medium, 3% trypticase soy (BBL) , 2% agar, 1% yeast extract, 0.1% 
Tween 80, pH 7.0 (TSY-TW) in lOO-mm Petri dishes with 2 compa:rt-
ments (Falcon). Incubation was at 36°C for 4 to 7 days. Colonies were 
counted; 2 of each colony type were Gram stained and tested for 
catalase, and representative isolates were further tested to establish 
their identity [1,2]. 
Specimens were also plated on TSY -TW containing 100 p.g/ ml FeSO, · 
7H20 and incubated in 3% O2 (with 8% Hz. 8% CO2 mld 81% Nz) as an 
additional test for P. saccharolyticus [4]. The numbers of P. sacchar· 
olyticus shown in the Table are those found on anaerobic culture on 
TSY -TW and are therefore comparable to data in our previous reports. 
RESULTS 
On all subjects in this series, P. acnes was 2:99% of the 
propionibacteria, the rest being P. granulosum. In describing 
our findings with P. acnes it is convenient to use om laboratory 
designations of population densities as oligopl"Opic-having a 
relatively sparse population of P. acnes, including about 25% of 
all persons in a smvey of 48 subjects [1]; and polypropic-
having a relatively rich population of P. acnes, including about 
one-third of all subjects. By the methods used in this study, 
populations of :;5;15,000 would be oligopropic and those 2:100,000 
would be polypropic. 
As shown in the table all subjects who were polypropic in the 
first test remained in that category. Of the 7 who were oligo-
pro pic, 4 were again oligopropic, 2 were intermediate, and 1 was 
now polypropic. 
P. saccharolyticus was again found on the 3 subjects who 
carried it in the earlier tests. It was not found on subjects who 
lacked it in the earlier test except subject 14 who had 200, a 
figure based on finding 8 colonies on the cultme of the 10- 1 
